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Superheated Steam in the Power Station. * 

BY ARTHUR S. MANN'. 

Many questions in regard to the use of superheated steam 
can be answered mathematically by reference to some of the 
older laws usually applied to the behavior of water  vapor. 
There are, however,  questions of a very practical nature which, 
while they may or may not fall actually into the  ca tegory  of 
mathematical problems, are of vital importance in determining 
the practical advantages in the use of high temperatures.  

A portion of any saving to come from the adoption of super- 
heated steam for power  generation purposes will depend upon 
the ease or difficulty encountered in making and in handling it 
in a steam station. Laws governing the generation and sub- 
sequent action of saturated steam are understood. There are 
some features in the action of superheated steam, however,  for 
which there may be a perfectly plausible and scientific explana- 
tion, but which are in a sense unexpected and which can be uro- 
vided for in a practical way Without a complete analytic expla- 
nation provided the facts are unders tood;  the mere knowledge 
of such facts will make it possible to guard against error in de- 
sign of steam chambers and piping systems. 

These paragraphs will relate some of the experiences met in 
a plant of 8ooo boiler horse power, generating steam of I85 
pounds pressure and 2oo degrees F. superheat. 

The superheaters are a part of the boilers. There are three 
banks of tubes in a complete unit which make up the heat ing 
surface, and the middle one of these banks forms the super- 
heater. 

The water tube heating surface measures 4ooo spuare feet in 
area and the superheat ing tube  surface I7OO square feet. The 
stokers are of the underfeed type and the air supply comes to 
the fire under pressure. 

*Read by title. 



292 M(tm~: [J. F. I., 

The furnace temperature is about 2400 degrees F., and the 
temperature of the furnace gases is about 9oo degrees F. when 
they encounter the second or superheater bank of tubes. 

With steady fires and with a boiler steaming at normal rat ing 
the superheat is very close to 2o0 degrees F. ii1 one boiler 
trial having a feed temperature of I IS degrees F., the superheat 
was 205 degrees F., the boiler rating being IO2 per cent., that is 
2 per cent. in excess of normal capacity, and other trials have 
varied but slightly from these results. 

The gases leaving the superheater bank have a temperature 
of 6I 5 degrees F., and at the uptake this temperature has fallen 
to 445 degrees F. or I35 degrees below the temperature of the 
outgoing steam. 

When one of these boilers was first started up it was felt that  
great care should be taken to avoid overheating the super- 
heater tubes. Provision was made for flooding the surface ex- 
posed to the gases and the superheater was filled full of water 
and gradually drawn down until it was filled entirely with steam 
as the fires gained in temperature and steam was raised so that  
there was a flow through the tubes. It is well nigh impossible 
to injure superheater tubes when boilers are put in service in 
this way. There is a disadvantage, however, in that there may 
be a deposit of very dirty water in the superheater tubes and 
the ability to start in a simple way is to be desired. 

It was found on trim that it was unnecessary to flood the 
superheater in start ing new fires and that  the tubes and joints 
would withstand any stresses put upon them provided the fire 
was started slowly, perhaps a little more slowly than would be 
considered safe practice with a regular saturated boiler. Start- 
ing with a dry superheater with slow fires has been proven to be 
safe practice and no trouble whatever has been experienced 
from this method. 

The superheater tubes are heavy wrought-steel and are weld- 
less. Very little trouble has been met in the care and manage- 
ment of the boiler and superheater. Some of the tubes have 
been re-rolled after the boiler was put in service ; but in no case 
has a tube been re-rolled more than once and the boilers have 
been in use about two years. Not  a single tube has been taken 
out or been injured in any way. 

The degree of superheat is fairly uniform for moderate  
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changes in the amount  of steam delivered. The hot ter  the fire, 
the hotter  the gases about the superheater tubes; but at the 
same time more steam is passing through the superheater tubes 
and there is more substance to absorb heat. During a day's 
run the temperature will not vary more than 4o degrees, pro- 
vided the feed water has a regular te~aperature. When the 
fires are cleaned, however, and there is no steam flowing 
through the superheater tubes, the steam that is there becomes 
hotter, averaging thirty degrees above the maximum of the 
day. 

It is possible by forcing fires to increase the degree of super- 
heat to 32o degrees F., giving a final temperature of 692 de- 
grees, and even at this temperature there is no trouble with the 
superheater though the gases entering the superheater bank 
are well on to 12oo degrees in temperature. 

It has been found that it is possible to have superheated 
steam and water in the same vessel. This is true even when 
every opportunity is given to steam to pick up the water and 
diminish its own superheat. 

The superheater is made up of two horizontal drums about 
eight feet apart, one placed almost directly over the other with 
two-inch tubes extending from the lower to the upper. Steam 
enters the upper drum, makes two downward and two upward 
passes between the drums and leaves the upper drum to go to 
the steam system. 

There is no deposit of water in the lower drum while the 
boiler is making steam. If, however, the boiler stops steaming 
and the fires are held in check long enough to allow the fur- 
nace gases to cool down, there is a deposit of water in the lower 
superheater drum. If this water is allowed to accumulate, there 
is a very considerable amount  to be dealt with in the morning, 
4" or 5" along the bot tom of the drum perhaps. 

When the fires are brought  up again the outgoing  steam is 
superheated in a very short time fully up to the regular aver- 
age;  but the water in the bottom drum is not absorbed by the 
hot steam sweeping over it. The surface of the water being 
some twenty square feet in area, the steam superheated on an 
average of Ioo degrees passing over it at the rate of about 3' 
per second, it would appear that  this whole volume of water 
should be taken up and made into steam in less than thirty 
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minutes, particularly as the water itself is at the boiling point, 
or very near it. This water is not taken up by the steam how- 
ever. i t  lies in the bot tom of the drum until it is drawn out 
through a drain pipe. 

Even though the rate of travel of the steam over the surface 
is slow, there is a decided tendency of the steam to pick this 
water up in slugs and carry it as water over to the steam pipe 
and into the steam ports and passages; and so far as it has 
been possible to observe, there is very little tendency to evapo- 
rate this water. It collects until there is an appreciable volume 
and then it is delivered in a body with the steam current. 

As a consequence of this action, steam pipes, all low points 
and pockets in a system intended to convey superheated steam, 
must be drained as carefully as if the same system were to be 
used for saturated steam. It will not do to depend upon the 
supposed readiness of superheated steam to absorb water as it 
passes above the water surface. 

It is not intended to give the idea that superheated steam will 
of itself deposit water as it travels through a pipe; but if the 
water is there it will not be absorbed gradually until it has all 
nicely disappeared. It is picked tip in slugs and there is the 
same danger  from water hammer that is met with in sat- 
urated steam pipe systems. 

It would appear necessary to conclude that the fact that 
water is known to be present in a vessel does not preclude the 
possibility of there being superheated steam in contact with it. 

The friction of superheated steam within a pipe appears to be 
greater than the friction of saturated steam. It has been found 
economical to give the steam high velocity because of the rela- 
tively low radiation loss and. though the actual drop in pressure 
is relatively larger, it may not be a mistake to submit to the 
loss of pressure from the boiler in order to  avoid radiation 
losses from the pipe system. In the plant above described the 
velocity is about fifty feet per second through a system compli- 
cated by many elbows. 

The question of pipe covering is a very important one, as 
the temperature difference, which is a factor contributing 
toward the loss in pipe radiation, is over 6 o ~  greater at regular 
loads and9o % greater  at overloads, so that roughly there is 6o% 
greater chance for loss than would be met under like eondi- 
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tions with saturated steam. It has been found a money-saving 
plan to use covering 2" thick on saturated steam work. After  
careful calculations had been made a thickness of 4½" was 
chosen for the plant under consideration and when this cover- 
ing was put on, great  care was used to make good joints be- 
tween covering sections, all possible leaks through covering 
and between covering and pipe walls being stopped up. 

This thickness of covering was applied to pipe and flanges 
alike, the covering forming a compact  body from end to end. 
The  covering over the body of the pipe is finished with a can- 
vas jacket ;  but  this canvas is not carried over the flanges be- 
cause of the fire risk. 

In laying out  a system of pipe particular at tention must be 
given to provision for expansion of long lines. This is true 
of  lines conveying saturated steam and more  than ever true 
with steam at 58o ° F. The expansion is about  double what it 
is in an ordinary pipe system, 3" to every foot being the aver- 
age  for covered pipe and branches Ioo' from an anchor point 
must  be long enough to give 3" safely if the main is put up cold 
and is cut to exact length. 

It is not difficult to find a form of steam pipe joint which will 
be tight for superheated steam at these pressures and tempera-  
tures  under discussion. It  may not  overstate the case to say 
that  any good joint that would be adapted for saturated steam 
o.f equal pressure will hold superheated steam. The question of 
.gaskets, however,  must be considered carefully, and it is ex- 
t remely easy to be deceived by the action of a gasket.  Out  of 
seven sorts of gaskets  not  one has been proven a failure during 
a three-months '  trial. The  real test of a gasket,  however,  is 
found in the number  of times which it will successfully go 
through the operat ion of resisting the passage of water  of con- 
densation and whatever  water  may come from the lowering of 
pressure  and drawing down the m~in and through stagnant 
steam in the pipe for a more or less extended period. What  is 
really wanted as a packiog that will always act in a pre-deter- 
mined may under certain stated conditions. 

Certain metal joints have served the purpose for over a 
year  and there are joints in the station under discussion that 
have stood for two years, undergoing such changes in tempera-  
ture a great  many times. It frequently happens, however,  that 
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a pipe joint adjacent to one of these joints which have stood so 
well, both provided with metal gaskets, will fail in three or four 
months and be unreliable in every way. 

While the metal gasket is not to be condemned, the success 
of some of the sheet packings has been so marked that for gen- 
eral work they may be safely chosen. All of the more success- 
ful sorts have a great deal of asbestos in their make-up ; in fact, 
there are four kinds of asbestos sheet packing in use at the 
station now and there is but one failure charged against these 
four. It seems safe to say, that if the joints face up fair and are 
provided with plenty of good stout bolts and the flanges them- 
selves are heavy, that no great difficulty will be experienced in 
making sound joints. 

The difficulties met in the handling of superheated steam are 
not severe, are not of a character that cannot be overcome, and 
the additional expense, over and above that met in a saturated 
steam plant, is very trivial. 

A G R O W I N G  I N D U S T R Y .  

The lapidaries of the Un i t ed  States  are g rowing  in skill, accord ing  to 
the s t a tement  of Mr. George  F. Kunz,  of the Uni ted  States Geological  Sur-  
vey, in his repor t  on the  produc t ion  of precious s tones  in I9o 5 . No be t t e r  
lapidary work has ever been done at any per iod than  in the last two years  
in this country.  

The intr icate  Louis X V  and Louis  X V I  designs in jewelry have been  
the fashion. Aquamarines ,  tourmal ines ,  peridots,  kunzites, and ame thys t s  
have been cut and pol ished not  only in round designs but  in oblong,  hex-  
agonal, octagonal ,  marquise,  and pear -shaped  forms. There  has been  es- 
pecial preference  for many of the l a rger  stones. Never  have aquamar ines ,  
tourmalines,  and amethysts  been sold in such profusion. 

I M P O R T A T I O N  O F  C R Y O L I T E .  

Cc~nsiderable quantitie~ of the minera l  cryolite are imported from 
Greenland each year  for use in the m anu f ac t u r e  of sodium salts. The  quan-  
tity of cryoli te imported dur ing  the year  I9O5, according  to a repor t  made  
by Mr. E d m u n d  Otis Hovey,  of the Un i t ed  States Geological  Survey~ was 
I6oo long tons,  valued at $22,482, as agains t  959 tons, valued at $13.7o8, in 
19o4, and 77o8 tons, valued at $Io2,879, in 19o 3. 

In the processes  of manufacture  calcium fluoride results  as a by-product ,  
and is saved to be sold for use as a f lux-in open-hea r th  steel furnaces in 
the  same m a n n e r  and with the same results  as the natural  calcium fluo- 
ride or fluorspar. The quant i ty  of the artificial fluoride made depends,  of 
course, upon  the quanti t ies of cryoli te  t reated,  and is said to be usually 
from 3ooo to 4o0o shor t  tons  per  year. 


